The aim of this study is to increase the phytochemical knowledge of South American bryophytes, particularly from those of the southern tip of the continent, due to the uniqueness of its poorly known bryoflora. Thirty-two specimens were analyzed using GC-MS technique. Most of the molecules found in the present bryophyte species belong to sesquiterpenes. In general, liverworts resulted to be richer in terpenoid compounds, while mosses in n-alkanes. Oplopanone, transchrysanthenyl acetate and 6,7-secoeudesm-7(11)-en-6-al are compounds here newly reported to the bryophytes.-Ylangene and -herbertenol are new to hornworts, while -herbertenol and n-heneicosane are new to mosses.
Chile counts for about 1500 bryophytes species, mostly distributed in the southern part of the country, where richness and abundance of these plants are concentrated. For instance Chilean and Argentinian Tierra del Fuego record 214 and 287 taxa of liverworts, respectively, in an area of 47,992 km 2 . However, the central regions of Chile and the Juan Fernandez Archipelago are important hotspots for bryophyte diversity that need to be better explored, particularly due to the presence of endemic taxa in areas highly impacted by man activities and/or biological invasions.
Only 3.7% of the Chilean bryophytes have been studied chemically [1] . Thus, Chilean and southern South American bryophytes become an interesting potential source of new molecules, molecular skeletons and related applications in pharmaceutical, pesticide and other industries. Within the main studies on the chemistry of Chilean bryophytes, Asakawa & Inoue [2, 3] have elucidated the chemical compositions of the crude extracts from 17 species of liverwort and 13 species of the genus Plagiochila. Further information about chemical constituents and bioactivity of southern South American taxa are found in [1] . Nevertheless, most of the major secondary metabolites identified in Chilean bryophytes up to date belong to sesquiterpenes.
Species analyzed and compounds detected are listed below. Collecting sites are shown within brackets. Major compounds are in bold, while traces in italics. The commonest compounds found in the samples analyzed were: ylangene (1), -herbertenol (2), dihydroactinodiolide (3) and heneicosane (4) (Figure 1 ).
Hornworts

-Ylangene
(1) has been detected in the liverwort genera Lepidozia, Marsupella and Scapania [4] . The presence of 1 in mosses and hornworts has not been reported. However, -copaene, a related chemical compound, is present in the moss genera Homalia and Mnium [4] . In this study we report the presence of -ylangene (1) (2) is one of the most frequently identified herbertenoids in liverworts [4] . It has been detected in the genera Asterella, Wettsteinia, Chandonanthus, Dendromastigophora, Herbertus, Marchantia, Mastigophora, Plagiochila and Tylimanthus [4, 5] . Recently, this compound has been identified in the Lophocoleaceae, Chiloscyphus horizontalis from Tierra del Fuego [6] . In this study, we firstly report -herbertenol ( 2) from mosses and hornworts. -Herbertenol (2) is a major constituent in the fuegian Racomitrium geronticum and Dicranoloma chilense (Bryophyta) and in Nothoceros endiviaefolius (Anthocerotophyta). It has also been detected in the liverworts Chiloscyphus humilis, Anastrophyllopsis involutifolia and Marchantia berteroana. Possibly, the presence of this compound in the moss Sphagnum fimbriatum is related to the adsorption process operated by moss cell walls. Sphagnum cell walls are rich in polyuronic acids and have an extraordinary cation exchange capacity [7] . Similar adsorption capacity of organic compound has been noticed in an unpublished field experiment that used transplanted Sphagnum patches in a forest ecosystem in Poland [8] .
-Herbertenol
Dihydroactinodiolide (3) is a cat attractant and pheromone in redfire ants [9] . We have recorded this compound exclusively in the mosses Sphagnum fimbriatum, Sphagnum magellanicum, Dicranoloma robustum var. lagunicolum, Racomitrium geronticum, Polytrichastrum longisetum, Warnstorfia fluitans and Dendroligotrichum dendroides.
The n-alkane heneicosane (4) has been found in liverwort genus Frullania, but not reported from mosses. Here we report the presence of 4 as a major compound in the mosses Sphagnum magellanicum and in one unidentified Sphagnum. It is also reported from Sphagnum fimbriatum, Dicranoloma robustum, an unidentified Dicranoloma, and from a Racomitrium sp. A trace of 4 has been detected in the mosses Warnstorfia fluitans, Polytrichastrum longisetum, Racomitrium geronticum, Dicranoloma robustum var. lagunicola and in the liverwort Anastrophyllopsis involutifolia.
Within the new findings from the analyzed fuegian bryophytes, we highlight the presence of the brown-algae pheromones (E)ectocarpene (5) and dictyopterene (6) in the liverwort Anastrophyllopsis involutifolia. These acetogenins have been also reported from the liverworts Fossombronia angulosa and Chandonanthus hirtellus [4] . Anastrophyllopsis involutifolia also exhibits 6,7-secoeudesm-7(11)-en-6-al (7) as a major compound. This is the first time that this compound is found in bryophytes. Related chemical compounds have been found in the higher plant Inula viscosa [10] .
Trans-chrysanthenyl acetate (8) is within the major volatile constituents of Gackstroemia magellanica, a common liverwort around boggy areas in Tierra del Fuego. Compound 8 has been isolated from species of the flowering genus Chrysanthemum. We report the first occurrence of this compound in bryophytes.
The simple thalloid liverwort Riccardia prehensilis from Tierra del Fuego, shows the presence of thujopsene (9) as the major volatile compound. This is the first report of 9 from the genus Riccardia. Thujopsene has been identified in the foliose liverwort genera Bazzania, Frullania, Lepidozia, Marsupella, Radula and Trocholejeunea, and from the complex thallose Marchantia and simple thallose Symphyogyna [4] .
Within the major components of the fuegian Riccardia pallidevirens, here we report for the second time the finding of farnesol (10) and farnesyl acetate (11) in liverworts. In bryophytes, these two natural compounds were firstly reported from the Mexican Asterella echinella [4] . Interestingly, farnesol is a natural pesticide and pheromone for insects [11] . The trinorsesquiterpenoid 4,8a-dimethyl-1,2,3,4,6,7,8,8a-octalin, (12) previously reported from the moss Plagiothecium undulatum, is here for the first time identified in the liverwort Tricholepidozia plumulosa. Oplopanone (13) is here for the first time detected in bryophytes, as a major constituent in the moss Dicranoloma chilense.
Peculiaroxide (14) is a frequent drimane in the genus Plagiochila. Within the Chilean liverworts it has been previously found in Plagiochila dusenii and Lepicolea ochroleuca [4] . Only in one moss species, Homalia trichomanoides, compound 14 has been detected. Here we report the presence of this natural compound in the liverworts Blepharidophyllum densifolium (major constituent), Anastrophyllopsis involutifolia and Cryptolophocolea pallidovirens. It is also present in the moss Sphagnum magellanicum. A trace amount of 14 was detected in Sphagnum fimbriatum and the hornwort Nothoceros endiviaefolius.
For structures not reported here refer to [4] and [5] .
In general, liverworts resulted to be richer in terpenoid compounds, while mosses in n-alkanes. This outcome has also been observed in other studies that analyzed the secondary metabolite constituents of bryophytes [12, 13] .
It is possible that 1,5-di-epi--bourbonene in the terrestrial Nothoceros endiviafolius and -bourbonene in Dicranoloma robustum, come from the upper forest vegetation beneath these bryophytes species grow. In these forests, canopy is mainly dominated by Nothofagus betuloides tree. Indeed, Keble-Williams [14] reports the presence of and -bourbonene in the Tasmanian Nothofagus cunninghamii. However, the chemical composition of foliage and bark of N. betuloides remains unstudied. Further studies on the secondary metabolite chemistry of southern South American bryophytes may offer new insights into the discussion of the origin and evolution of the different linages of plants, as well as useful information regarding the chemical ecology of the ecosystems where bryophytes are abundant (i.e. Patagonian forests).
GC/MS analysis of the ether extract of Marchantiophyta species collected in Tierra del Fuego indicates that each liverwort species, genus or family produce own characteristic major compounds that could be used as taxonomic markers. The present liverworts are rich sources of sesquiterpenoids, whereas only a few monoterpenoids, diterpenoids and aromatic compounds have been found.
As the production of some bryophyte compounds is doubtful, it is necessary to analyze the rest of the accompanying flora where the bryophyte species grow, including vascular plants, with the aim of distinguishing the origin of some molecules that might be produced by other organisms and adsorbed by bryophytes. To reach this goal, comparative studies using in vitro or green house cultured bryophytes may provide further insights and useful background information on the chemical ecology of these environments (i.e. peatland ecosystems from Tierra del Fuego).
We conclude that southern South American taxa of bryophytes, particularly liverworts from peatlands, represent an interesting reservoir of new findings and molecules, consequently bryophytes should be further studied and protected.
Experimental
Plant material: 32 bryophyte samples; 16 species of liverwort, 9 of moss and 1 hornwort, were collected in the Chilean territory of Tierra del Fuego in January-February 2012. The mosses Dendroligotrichum dendroides and Polytrichastrum longisetum and the liverwort Plagiochila hookeriana were also collected in Chiloé Island (Chile). Collection sites were located in boggy areas along the fjords and channels of Tierra del Fuego and mainland of Chiloé Island and are detailed as follows:
